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PROSTAGLANDIN E AGONISTS FOR TREATMENT OF DRY EYE 

FIELD OF THE INVENTION 

The present invention relates to the use of prostaglandin E agonists and partial 
agonists to stimulate mucin secretion to treat dry eye, keratoconjunctivitis, Sjogren's 
syndrome and related ocular surface diseases. 

BACKGROUND OF THE INVENTION 

Dry eye is a common ocular surface disease afflicting millions of people in the 
U.S. each year, especially the elderly (Schein eL a/.. Prevalence of dry eye among the 
elderly. American J. Ophthalmology ^ 124:723-738, (1997)). Dry eye may afflict an 
individual with varying severity. In mild cases, a patient may experience burning, a 
feeling of dryness, and persistent irritation such as is often caused by small bodies lodging 
between the eye lid and the eye surface. In severe cases, vision may be substantially 
impaired. Other diseases, such as Sjogren's disease and cicatricial pemphigoid manifest 
dr>' eye complications. 



Although it appears that dry eye may result from a number of unrelated pathogenic 
causes, the common end result is the breakdown of the tear film, which results in 
dehydration of the exposed outer surface of the eye. (Lemp, Report of the Nation Eye 
Institute/Industry Workshop on Clinical Trials in Dry Eyes, The CLAO Journal ^ 
21(4):221-231 (1995)). Four events have been identified which singly or in combination 
are believed to resuh in the dry eye condition: a) decreased tear production or increased 
tear evaporation; b) decreased conjunctival goblet-cell density; c) increased corneal 
desquamation; and d) destabilization of the cornea-tear interface (Gilbard. Diy eye: 
pharmacological approaches, effects, and progress. The CLAO Journal. 22:141-145 
(1996)). Another major problem is the decreased mucin production by the conjunctival 
cells and/or corneal epithelial cells of mucin, which protects and lubricates the ocular 
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surface (Oipsonandtaatt-mi, tiu^ge«ese:^,s.edkyoaiorsu.foceepUMiwn, 
PjegjesuaMimUllOyeR^ 16:81-98 (1997)). 

PracHtioners have taken several approaches lo the treatment of On- eye. One 
commonapptoachhasbeentosopplemcntand^ilizethe ocular tear mm using so-called 

attiflcial tears inslilled throughout the day. Another approach has heen U» use of ocular 
inseru that provide a tear substitute or to srimulate endogenous tear prod^f on. 

Examples of the tear substitution approach include the use of buffered, isotonic 
saline solutions, aqueous solutions containing water soiubie polymer that ro^er .be 
solutions more viscous and thus less easUy shed by the eye. Tear reeonstitufon ts al» 
attempted by providing one or more components of the tear film such as phosphohp.ds and 
oils Examplesofthesetreatmentapproaches are disclosed in united StatesPatentNos. 

4 131 651 (Shah «. d.). 4,370,325 (Packman), 4,409,205 (Shively), 4,744,980 and 
4S58(Hol,),4,9.4,088(G,onek).S,075.104(O,esse.e,.^.)and3.294,607(O.o„ek 

eL ai). 

United States Patents directed to the use of ocular inserts in the tteatment of dry 
eyei„clude3,991,759(Ur<,uhar.). Other semi-solid th«ap, has included the 
admmistration of carrageenans (5,403.841, Lang) which gel upon comae. wi«, naturaUy 

occurring tear film. 

Another recent approach involves the provision of lubrtcating substances in Ueu of 
arUfcial tears. United States PatentNo. 4,818,537 (Quo) discloses *e use of a 
, lubricating, liposome-based composition. 

Aside fh>m the above efforts, which are directed primarily to the alleviadon of 
symptoms associated with dry eye, meO-ods and compositions directed to trea«,ent of *e 
dryeyeconditionhavealsobeenpursued. For example. United Stat. Pa«n. No. 
. 5,041,434 (Lubkin) discloses .he use of sex steroids, such as -lusa-ed es^gens to treat 
dr, eye condition in post-menopausal women; United States Patem No. 5^90,572 
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(MacKeen) discloses the use of finely divided calcium ion compositions to stimulate tear 
film; and United States Patent No. 4,966,773 (Gressel eL aL) discloses the use of 
microfine particles of one or more retinoids for ocular tissue normalization. 

5 Ahhough these approaches have met with some success, problems in the treatment 

of dry eye nevertheless remain. The use of tear substitutes, while temporarily effective, 
generally requires repeated application over the course of a patient's waking hours. It is 
not uncommon for a patient to have to apply artificial tear solution ten to twenty times 
over the course of the day. Such an undertaking is not only cumbersome and time 

10 consuming, but is also potentially very expensive. 

The use of ocular inserts is also problematic. Aside from cost, they are often 
unwieldy and uncomfortable. Further, as foreign bodies introduced in the eye, they can be 
a source of contamination leading to infections. In situations where the insert does not 
15 itself produce and deliver a tear film, artificial tears must still be delivered on a regular and 
firequent basis. 

In view of the foregoing, there is a clear need for an effective treatment for dry eye 
that is capable of alleviating symptoms, as well as treating the underlying physical and 
20 physiological deficiencies of dry eye, and that is both convenient and inexpensive to 
administer. 

Mucins are proteins which are heavily glycosylated with glucosamine-based 
moieties. Mucins provide protective and lubricating effects to epithelial cells, especially 

25 those of mucosal membranes. Mucins have been shown to be secreted by vesicles and 
discharged on the surface of the conjuctival epithelium of human eyes (Greiner et. aL, 
Mucus Secretory Vesicles in Conjunctival Epithelial Cells of Wearers of Contact Lenses, 
Archives of Ophthalmology . 98:1843-1846 (1980); and Dilly et. al. Surface Changes in 
the Anaesthetic Conjunctiva in Man, with Special Reference to the Production of Mucus 

30 from a Non-Goblet-Cell Source, British Journal of Ophthalmolog y. 65:833-842 (1981)). 
A number of human-derived mucins which reside in the apical and subapical corneal 
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epMium have been dtove^d and cloned (Wannabe «. Cornea, and 
Conjuc.„al EpMU. ?ro4^ - ^'-in-lMe Glycoprouin for ,He Apical Surface. 
^^^,,^^^^,^^yi,,^Sm,.AS^ 36(2):337-344 (,995)). 
ReeenUy,anewn,ucinwas.epcr,.d,obes=c««dv«*ec„meaap,caIand.Up.^ 

cells as well as d,e coni„nc.,val epithelium of ft. human eye (Waunabe «. al, IQVS 
36(2)-337.344(1995)). These mucinsprovidelubrica.io„, and addUionaUyamaelan^ 

hold moismre and sebadous materia, for lubrication and d« corneal refaction of Itght. 

Mucins are a,s„ produced and secreted in other pam of the body inctading lung 
airway passages, and more specifically ftom goMe. cells interspersed among 
^hea^ronchia, epithelial cells. Certain arachidonic acid metabolites have been shown 
.0 sumulate mucin production in these cells. Yann. reported the increased secrenon of 
:Lsalglycop.tei.inra.,ungbyhydroxy.c.atetraenoicacidrHET;,der,..^^ 

(Vannie,..^.£#ec,o/7.— 

Traced Muco. Ge, Layer I^icW. ym^^^M^^^mM^ 
jjjajjjaologj!, 90:307-309 (,989)). 

The conventional treatment for dry eye. as discussed above, includes 
administration of artificial tears todteeyeseveralthnesaday. Other agen« darned 0^ 

. increasingocularmucin^d/ortearprodudionincludevasoactiveintesunalpolypepude 
(Dartt e, al. Vasoac.i.e ■,„,esma,pep,>de.s,i««.la,ed,,ycoco^>'^a,e secreUonfror. 
L„;«,«.oM«c* E«dl«aimS^.«:27-34, (,996)), gemmate 
(Nltura er. Oef^me secreUn „/«i»-«te ,lycopro,ei^ 6. coW 

Tp*,,-.,™ in ^Uro aniproiecs cameo, epU^eUu^fro. — ^"-^^ 
., ^.K^, 65:569-574 (,997)), and the use of liposomes (U.S. ^-"'X"^ >' 
androgens (U.S. PatentNo. 5,620.921). melanocycte stimulating hormones (U.S Pate t 
:o.4,6S54),phosphodies.eraseinl.bitors(U.S.Pate„tKo.475,945),— 
PatentNo. 5,455,265)andhy*»xyeicosa..traen„ic acid denvat,ves(U.S.Pat„.N. 
5 696 166). Ho«ever.ma.yofthesecompou.dsortrea,men,ssufrerfroma ackof 
s;ecifici,yemcacy and potency and noneoftheseagentshave been marketed so faras 
" : ILlyuIlproductstotreatdryeyeandrelatedocularsurfacedise^^^ Thus, 
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there remains a need for an efficacious therapy for the treatment of dry eye and related 
diseases. 

Prostaglandins are metabolite derivatives of arachidonic acid. Arachidonic acid in 
the body is converted to prostaglandin G2, which is subsequently converted to 
prostaglandin H,. Other naturally occurring prostaglandins are derivatives of 
prostaglandin H2. A number of different types of prostaglandins are known in the art 
including A, B, C, D, E, F, G, I and J-Series prostaglandins (US 5151444; EP 0 561 073 
Al ; Coleman et. al, VIII International Union of Pharmacology classification of 
prostanoid receptors: Properties, distribution, and structure of the receptors and their 
subtypes, Pharmacological Reviews, 45:205-229 (1994)). Depending on the number of 
double-bonds in the a- (top chain) and/or the co-chain (bottom chain), the prostaglandins 
are further classified with subscripts such as PGDj, PGE,, PGE2, PG?2a, etc. (US Patent 
No. 5,151,444; Coleman et. al., VIII International Union of Pharmacology classification 
of prostanoid receptors: Properties, distribution, and structure of the receptors and their 
subtypes, Pharmacological Reviews. 45:205-229 (1994)). Whilst these classes of 
prostaglandins interact preferably with the designated major classes of receptors (e.g. DP, 
EP, FP) and subclasses of receptors (e.g. EP2, EP3 , EP4), the subscripts associated with the 
prostaglandin does not necessarily correspond with the subclass of the receptor(s) with 
which they interact. Furthermore, it is well known that these endogenous prostaglandins 
are non-specific in terms of interacting with the various classes of prostaglandin receptors. 
Thus, PGE2 not only interacts with EP2 receptors, but can also activate EP,, HP,. EP3 and 
EP4 receptors (Coleman et. al., Vllllnternalional Union of Pharmacology classification of 
prostanoid receptors: Properties, distribution, and structure of the receptors and their 
subtypes. Pharmacological Reviews . 45:205-229 (1994)). 



In gastric mucosa, various prostaglandins known to be agonists at one or more of 
the prostaglandin E receptors have been shown to stimulate mucin secretion (Waterbuiy < 
al. Stimulation of mucus production and prevention of aspirin induced ulcerogenesis by 
enprostil in the rat. Proc. West. Pharmacol. Soc .. 31 :21.3 (1988); Enss e(. al., Effects of 
PGE2 and of different synthetic PGE derivatives on the glycosylation of pig gastric 
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G«,Wc .//.c« ofaprosU.„anSn El^erivalve (Rlopros.U> on acid, alkalme. W 
«c™,/»». OiaJher., 8:619-23. Katt «. .»%a.,roi«/ve, ««.,c 

wLury «. a.. 5,-«.r e#« "/»'^-«''' - 

L CBEfiev^. 23:349-58 (199.); Bunce «. G.«7P.X. « „ov.,„.^ 
21 A-379-82 (1990); Sdlers «. Wtop^'o'-"*"" 

i:r2.»L,^..»-c.™^<.m^.3>-s-95so^^^^^^^^^^^^ 

3,:i2!s-129S (1986,). Onn«.« in.he p^— a« p— ™. wtac. »e 
Wieved,cexhibi.n,„cln-p,od»ci,«acUvi.ybybtad,„g.oand«Uvau„ga„,of*efou, 

recognized prostaglandin E receptors. 



c.,|..|,,APvnFT"'r'Nvr.NT10N 

The pr^ent invention is directed to composidons and ™.hods for the treatment of 
a„eyea„dod,erdisorde„re,niringd«wetdngof«,.ey=.Morespeeif,ca,ly,.heprese„t 

.Mention disclosescomposidonscon.ainiogprostaglandinEreeep.or agents, and 
metods for trealing dry eye type disorders. 

Preferred contpositions include an effective antount of a prostaglandin E «cep,or 
agonist for the production of ntucins in mamtnals. and especially in httmans. The 
compositions are administered topically to the eye for the t^atment of dr, eye. 
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DETAILED DESCRIPTION OF THE INVENTION 

It has now been discovered that certain prostaglandin E receptor agonists stimulate 
mucin production in human conjuctival epithelium and are therefore believed to be useful 
in treating dry eye. As used herein, the term "prostaglandin E receptor agonist" refers to 
any compound which acts as an agonist or partial agonist at one of the prostaglandin EP 
receptors (E?u EPj, EP3, or EP4), thereby stimulating mucin production and/or secretion ir 
the conjunctival epithelium and goblet cells following topical ocular application. 
Specifically included in such definition are compounds of the following formula I: 




I 



wherein: 

R' = (CH2)„C02R, (CH2)„CONR''R^ (CH2)nCH20R^ (CH2)„CH2NR^R«. where: 

R = H or pharmaceutically acceptable cationic salt moiety, or CO2R forms a 
pharmaceutically acceptable ester moiety; 

R\ = same or different = H, alkyl, or SO2CH3, with the proviso that if one of 
R\ R^ = SO2CH3, then the other = H or alkyl; 
R^ = H, acyl, or alkyl; 

R', R* = same or different = H, acyl, or alkyl; with the proviso that if one of 
R', R* = acyl, then the other = H or alkyl; 

n = 0or2; 

™ = single or double bond, which can be cumulated {i.e., carbons 4-6 can form an allene); 
R'" = CI. and R*' = H, or R^'R'" taken together = O as a carbonyl; 

Y = CH2.0,or H ''OR", where R" = H, alkyl, or acyl; 
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A 
Y = 0 



O and B = CH2; or. A-B = CH2CH2 or cw-CH=CH; with the proviso that A ^ O when 



one 



of C, D = H, and the other = CH3 or OR', where = H, acyl, or alkyl; or C - D - H; 



E and F = same or different = H or CH,; or one of E, F = CH3 and the other = OR^ , where 
r2 is defined as above; with the proviso that exactly one of C, D, E, and F = OR ; 

X = O or direct bond; 

r20 = C2.8 alkyl, C2.8 alkenyl, aryl, heteroaryl, aryloxy, or heteroaryloxy, optionally 
substituted with halo, trihalomethyl. 0R^ NR^R^', wherein R^ = H, alkyL or acyl; and 
r2' = H, alkyl, or acyl; with the proviso that if one of R^ and R^' = acyl, then the other - H 
or alkyh and wherein the C2-8 alkyl and C2-8 alkenyl may be optionally terminated by C3.8 
cycloalkyl. C4-8 cycloalkenyl, aryl, heteroaryl, aryloxy, or heteroaryloxy, optionally 
„ substituted as described above; with the proviso that R^° ^ aryloxy or heteroaryloxy when 
X = 0; 

with the proviso that the following compounds of formula I be excluded: 

those wherein all of the following limitations are satisfied: 
3^ = a single bond between carbons 4 and 5 and a single or double bond between carbons 
5 and 6; 

10 

j^9aj^9b = o as a carbonyl; 

Y = CH2 or H '"or" , where R' ' as defined above; 
,j A-B = CH2CH2orCH=CH; 

one of C, D = H and the other = 0R^ where R' is as defined above; and 
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E and F = same or different = H or CH3. 

Included within the scope of the present invention are the individual enantiomers 
of the title compounds, as well as their racemic and non-racemic mixtures. The individual 
enantiomers can be enantioselectively synthesized from the appropriate enantiomerically 
pure or enriched starting material by means such as those described below. Aliematively, 
they may be enantioselectively synthesized from racemic/non-racemic or achiral starting 
materials. {Asymmetric Synthesis; J. D. Morrison and J. W. Scott, Eds.; Academic Press 
Publishers: New York, 1983-1985, volumes 1-5; Principles of Asymmetric Synthesis; R.E. 
Gawley and J. Aube, Eds.; Elsevier Publishers: Amsterdam, 1996). They may also be 
isolated from racemic and non-racemic mixtures by a number of known methods, e.g. by 
purification of a sample by chiral HPLC (A Practical Guide to Chiral Separations by 
HPLC\ G. Subramanian, Ed.; VCH Publishers: New York, 1994; Chiral Separations by 
HPLC; A.M. Krstulovic, Ed.; Ellis Horwood Ltd. Publishers, 1989), or by enantioselective 
hydrolysis of a carboxylic acid ester sample by an enzyme (Ohno, M.; Otsuka, M. Organic 
Reactions, volume 37, page 1 (1989)). Those skilled in the art will appreciate that racemic 
and non-racemic mixtures may be obtained by several means, including without limitation, 
nonenantioselective synthesis, partial resolution, or even mixing samples having different 
enantiomeric ratios. Departures may be made from such details within the scope of the 
accompanying claims without departing from the principles of the invention and without 
sacrificing its advantages. Also included within the scope of the present invention are the 
individual isomers of the disclosed compounds substantially free of their respective 
enantiomers. 

As used herein, the terms "pharmaceutically acceptable ester"/"pharmaceutically 
acceptable cationic salt" means any ester/cationic salt that would be suitable for 
therapeutic administration to a patient by any conventional means without significant 
deleterious health consequences; and "ophthalmically acceptable ester'7"ophthalmically 
acceptable cationic salt" means any pharmaceutically acceptable ester/cationic salt that 
would be suitable for ophthalmic application, i.e. non-toxic and non-irritating. Wavy line 
attachments indicate that the configuration may be either alpha (a) or beta (p). The carbon 
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numbering is as indicated in formula I, even when n = 2. Dashed lines on bonds [e.g., 
between carbons 4 (C-4) and 5 (C-5] indicate a single or double bond. Two solid lines 
present specify the configuration of the relevant double bond. Hatched lines indicate the a 
configuration. A solid triangular line indicates the p configuration 

The term "acyl" represents a group that is linked by a carbon atom that has a double 
bond to an oxygen atom and single bond to another carbon atom. 

The term "acylamino" represents a group that is linked by an amino atom that is 
cormected to a carbon atom has a double bond to an oxygen group and a single bond to a 
carbon atom or hydrogen atom. 

The term "acyloxy" represents a group that is linked by an oxygen atom that is 
connected to a carbon that has a double bond to an oxygen atom and single bond to 
another carbon atom. 

The term "alkenyl" includes straight or branched chain hydrocarbon groups having 
1 to 15 carbon atoms with at least one carbon-carbon double bond. The chain hydrogens 
may be substituted with other groups, such as halogen. Preferred straight or branched 
alkeny groups include, allyl, 1-butenyl, l-methyl-2-propenyl and 4-pentenyl. 

The term "alkoxy" represents an alkyl group attached through an oxygen linkage. 

The term "alkyl" includes straight or branched chain aliphatic hydrocarbon groups 
that arc saturated and have 1 to 15 carbon atoms. The alkyl groups may be substituted with 
other groups, such as halogen, hydroxyl or alkoxy. Preferred straight or branched alkyl 
groups include methyl, ethyl, propyl, isopropyl, butyl and ?-butyl. 

The term "alkylamino" represents an alkyl group attached through a nitrogen 
linkage. 
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The term "alkynyl'' includes straight or branched chain hydrocarbon groups having 
1 to 15 carbon atoms with at least one carbon-carbon triple bond. The chain hydrogens 
may be substituted with other groups, such as halogen. Preferred straight or branched 
alkynyl groups include, 2-propynyl, 2-butynyl, 3-butynyl, l-methyl-2-propynyl and 2- 
pentynyl. 

The term "aryl" refers to carbon-based rings which are aromatic. The rings may be 
isolated, such as phenyl, or fused, such as naphthyl. The ring hydrogens may be substituted 
with other groups, such as lower alkyl, or halogen. 

The term "carbonyl" represents a group that has a carbon atom that has a double 
bond to an oxygen atom. 

The term "carbonylalkoxy" represents a group that is linked by a carbon atom that 
has a double bond to an oxygen atom and a single bond to an alkoxy group. 

The term "carbonyloxyl" represents a group that is linked by a carbon atom that has 
a double bond to an oxygen atom and a single bond to a second oxygen atom. 

The term "cycloalkyl" includes straight or branched chain, saturated or unsaturated 
aliphatic hydrocarbon groups which connect to form one or more rings, which can be fused 
or isolated. The rings may be substituted with other groups, such as halogen, hydroxyl or 
lower alkyl. Preferred cycloalkyl groups include cyclopropyl, cyclobutyl, cylopentyl and 
cyclohexyl. 



The term "dialkylamino" represents two alkyl groups attached through a nitrogen 
linkage. 

The term "halogen" and "halo" represents fluoro, chloro, bromo, or iodo. 
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The term "heleroaryl" refers to aromatic hydrocarbon rings which contain at least 
one heteroatom such as O, S, or N in the ring. Heteroaryl rings may be isolated, with 5 to 6 
ring atoms, or fused, with 8 to 10 atoms. The heteroaryl ring(s) hydrogens or heteroatoms 
with open lalency may be substituted with other groups, such as lower alkyl or halogen. 
Examples of heteroaryl groups include imidazole, pyridine, indole, quinoline. iuran, 
thiophene. pyrrole, tetrahydroquinoHne. dihydrobenzofuran, and dihydrobenzindole. 



The term 

C6). 



'lower alkyl" represents alkyl groups containing one to six carbons (C, 



Preferred for purposes of the present invention are those compounds of formula I 
wherein: 

R' = (CH2)„C02R or (CH.)„CH20H, where R = H, ophthahnically acceptable cationic salt 
moiety, or lower alkyl; and n = 0; 

^ = single or double bond, which can be cumulated (i.e., carbons 4-6 can fomi an 
allene); 

r'" = CI, and R^" = H; or R'V' taken together = O as a carbonyl; 

Y= H '^0R^\ where R"=H; 
A-B = m-CH=CH; 

C = D = H; 
,0 one ofE,F = CH3 and the other = 0R^ 

R' = H; 

X = direct bond; and 
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= C2-5 alkyl or C2.5 alkenyl, where either is optionally terminated by Cs^ cycloalkyl or 
C5.6 cycloalkenyl. 

Also preferred for purposes of the present invention are those compounds of 
formula 1, wherein: 

= (CH2)nC02R or (CH2)nCH20H, where R = H, ophthalmically acceptable cationic salt 
moiety, or lower alkyl; and n = 0; 

— = single or double bond, which can be cumulated (i.e., carbons 4-6 can form an 
allene); 

R^^ = Cl,andR^^ = H; 



E = F = CH3; 

X = direct bond; and 

R^" = C2.5 alkyl or C2.5 alkenyl, where either is optionally terminated by C5-6 cycloalkyl or 
C5-6 cycloalkenyl. 

Also preferred for purposes of the present invention are those compounds of 
formula I, wherein: 

R* = (CH2)nC02R or (CH2)nCH20H, where R = H, ophthalmically acceptable cationic salt 
moiety, or lower alkyl; and n = 0; 



Y= H^'t)R"^^hereR" = H; 



A-B = cw-CH=CH; 



one of C = D = H, and the other = OH; 
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= a double bond between carbons 4 and 5 and a single or double bond between carbons 

5 and 6; 

5 r'Ir'*' taken together = 0 as a carbonyl; 

Y= H '"OR^', where R"=H; 
A-B = m-CH=CH; 

10 

one of C = D = H, and the other = OH; 
E = F = H; 
.5 X = O; 

R^** = phenyl, optionally substituted with CI or CF3. 
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Most preferred of the foregoing compounds are the following: 



Compound Name 


Compound Structure 


Source Reference* 


enprostil 




Cooper et. al.^i, Ora. 
Chem., 58:4280-4286 
(1993); Park et. aL, US 
Patent No. 5,571,936. 


rioprostil 


h6 


Shriver eL aL, EP 66475 

A9* KliipnHpr W /?/ TISi 

Patent No. 4,132,738 


SC-46275 


MeOjC 

h6 ' — ^ 


Kalish et. al.. Svnth. 

Pnmmiin 90-1 ^41 -S 

(1990); Collins et.al.,h 
Med. Chem.. 33:2784-93 
(1990); Babiak et.aU US 
Patent No 5 055 604 


enisoprost 


h6 


Babiak et. al, US Patent 
No. 5,055,604; Dygos et. 
al. J. Ore. Chem.. 56:2549- 
52(1990). 


nocloprost 




Skuballa et. al, US Patent 
No. 4,444,788. 


misoprostol 


y— H3Q0H 

h5 


Commercially available 
from Cayman Chemical Co., 
Ann Arbor, MI 



compounds, those references are hereby incorporated herein. 



The prostaglandin E agonists of the present invention may be contained in various 
types of pharmaceutical compositions, in accordance with formulation techniques known 
to those skilled in the art. In general, these compounds will be formulated in solutions for 
topical ophthalmic administration. Solutions, suspensions and other dosage forms are 
particularly preferred for the treatment of dry eye. 
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The ophthalmic compositions of the present invention will include one or more 
compounds of the present invention in a pharmaceutically acceptable vehicle. Various 
types of vehicles may be used. Aqueous solutions are generally preferred, based on ease of 
formulation, biological compatibility, as well as a patient's ability to easily administer 
such compositions by means of instilling one to two drops of the solutions in the affected 
eyes. However, the compounds of the present invention may also be readily incorporated 
into other types of compositions, such as suspensions, viscous or semi- viscous gels, or 
other types of solid or semi-solid compositions. Suspensions may be preferred for those 
compounds of the present invention which are less soluble in water. The ophthalmic 
compositions of the present invention may also include various other ingredients, such as 
buffers, preservatives, co-solvents and viscosity building agents. 

An appropriate buffer system (e.g., sodium phosphate, sodium acetate or sodium 
borate) may be added to prevent pH drift under storage conditions. 

Antioxidants may be added to compositions of the present invention to protect the 
EP4 agonists from oxidation during storage. Examples of such antioxidants include 
vitamin E and analogs thereof, ascorbic acid and butylated hydroxytoluene (BHT). 

Ophthalmic products are typically packaged in multidose form. Preservatives are 
thus required to prevent microbial contamination during use. Suitable preservatives 
include: benzalkonium chloride, thimerosal, chlorobutanol, methyl paraben, propyl 
paraben, phenylethyl alcohol, edetate disodium, sorbic acid, polyquaternium-l, or other 
agents known to those skilled in the art. Such preservatives are typically employed at a 
level of from 0.001 to 1 .0% weight/volume ("% w/v"). 

In general, the doses used for the above described purposes will vary, but will be in 
an effective amount to increase mucin production in the eye and thus eliminate or improve 
dry eye conditions. As used herein, the term "pharmaceutically effective amount" refers to 
an amount which improves the dry eye condition in a human patient. When the 
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compositions are dosed topically, they will generally be in a concentration range of from 
0.001 to about 1.0% w/v, with 1-2 drops administered 1-4 times per day. 

As used herein, the term "pharmaceutically acceptable carrier" refers to any vehicle 
which, when formulated, is safe, and provides the appropriate delivery for the desired 
route of administration of an effective amount of at least one prostaglandin E agonist of 
the present invention. 

The invention has been described by reference to certain preferred embodiments; 
however, it should be understood that it may be embodied in other specific forms or 
variations thereof without departing from its spirit or essential characteristics. The 
embodiments described above are therefore considered to be illustrative in all respects and 
not restrictive, the scope of the invention being indicated by the appended claims rather 
than by the foregoing description. 
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1 . A composition for the treatment of dry eye in mammals comprising a 
pharmaceutically acceptable carrier and a pharmaceutically effective amount of one or 
more EP4 agonists according to formula I: 




I 



wherein: 

= (CH2)„C02R, (CH2)„C0NRV, (CH2)nCH20R^ (CH2)„CH2NR'rI where: 
R = H or pharmaceutically acceptable cationic salt moiety, or CO2R forms a 
pharmaceutically acceptable ester moiety; 

R"*, R^ = same or different = H, alkyl, or SO2CH3, with the proviso that if one of 
R"*, R-^ = SO2CH3, then the other = H or alkyl; 

R^ = H, acyl, or alkyl; 

R^ R^ = same or different = H, acyl, or alkyl; with the proviso that if one of 
R\ R^ = acyl, then the other = H or alkyl; 

n = 0or2; 

™ = single or double bond, which may be cumulated to form an allene: 
R^^ = CI, and R^^ = H, or R^^'R^^ taken together = O as a carbonyl; 

Y = CH2, O, or H 'OR^\ where R^ ^ - H, alkyl, or acyl; 

A = O and B = CH2; or, A-B = CH2CH2 or c/^-CH=CH; with the proviso that A O when 

Y = 0; 



one of C, D = H, and the other = CH3 or 0R^ where R^ = H, acyl or alkyl; or C = D = H; 
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E and F = same or different = H or CH3; or one of E, F = CH3 and the other = OR^ , where 
is defined as above; with the proviso that exactly one of C, D, E, and F = OR^; 

X = O or direct bond; 

R^° = C2.8 alkyU C2.8 alkenyl, aryl, heteroaryl, aryloxy, or heteroaryioxy, optionally 
substituted with halo, trihalomethyl, 0R^ NR^R^^ wherein R^ = H, alkyl, or acyl; and 
R^' = H, alkyl, or acyl; with the proviso that if one of R^ and R^* = acyl, then the other = H 
or alkyl; and wherein the C2.8 alkyi and C2-8 alkenyl may be optionally terminated by €3^ 
cycloalkyl, C4.g cycloalkenyl, aryl, heteroaryl, aryloxy, or heteroaryioxy, optionally 
substituted as described above; with the proviso that R^° ^ aryloxy or heteroaryioxy when 
X = 0; 

with the proviso tliat the following compounds of formula I be excluded: 

those wherein all of the following limitations are satisfied: 

= a single bond between carbons 4 and 5 and a single or double bond between carbons 

5 and 6; 

j^9aj^9b = o as a carbonyl; 

Y = CH2 or H OR , where R' ' as defined above; 
A-B = CH2CH2 or CH=CH; 

one of C, D = H and the other = OR^, where R^ is as defined above; and 
E and F = same or different = H or CH3. 

2. The composition of Claim 1 , wherein for formula 1: 

r' = (CH2)nC02R or (CH2)nCH20H, where R = H, ophthalmically acceptable cationic sah 
moiety, or lower alkyl; and n = 0; 
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= single or double bond, which may be cumulated to form an allene; 

r'" = CI, and R'" = H; or R'^R^* taken together = 0 as a carbonyl; 

Y= H '^OR", where R"=H; 
A-B = cw-CH=CH; 
C = D = H; 

one of E, F = CH3 and the other = OR^ 
R^ = H; 

X = direct bond; and 

j^20 ^ ^ gji^yj C2 . alkenyl, where either is optionally terminated by Cs^ cycloalkyl or 
Cs^ cycloalkenyl. 

3. The composition of Claim 2, wherein the compound is selected from the group 
consisting of: rioprostil, SC 46275, enisoprost, and misoprostol. 

4. The composition of Claim 1, wherein for formula I: 

r' = (CH2)nC02R or (CH2),,CH20H, where R = H, pharmaceutically acceptable cationic 
sah moiety that is ophthalmically acceptable cationic salt moiety, or lower alkyl; and n = 0 

^ = single or double bond, which may be cumulated to form an allene; 
R"' = Cl,andR''' = H; 

Y= H 't>R"^ where R"=H; 
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A-B = cw-CH-CH; 

one of C = D = H, and the other = OH; 

E = F = CH3; 

X = direct bond; and 

r2<^ = C2.5 alkyl or C2.5 alkenyl, where either is optionally terminated by C5-6 cycloalkyl or 
C5-6 cycloalkenyl. 

5. The composition of claim 4, wherein the compound is nocloprost. 

6. The composition of Claim 1 , wherein for formula I : 

R' = (CH2)nC02R or (CH2)nCH20H, where R = H, pharmaceutical ly acceptable cationic 
salt moiety that is ophthalmically acceptable cationic salt moiety, or lower alkyl; and n = 0; 

.... = a double bond between carbons 4 and 5 and a single or double bond between carbons 
S and 6; 

R^'R^^ taken together = O as a carbonyl; 

Y= h''OR'\ where R^^=H; 

A-B = c/5-CH=CH; 

one of C = D = H, and the other = OH; 

E = F = H; 

X = 0; 

R-° = phenyl, optionally substituted with CI or CF3. 
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7. The composition of claim 6, wherein the compound is: enprostil. 



8. A method for the treatment of dry eye in mammals comprising administering to an 
affected eye, a pharmaceutically effective amount of a compound of formula I: 




10 

wherein: 

R" = (CH2)„C02R, (CH2)„C0NR''R^ (CH2)nCH20R^ (CH2)„CH2NR^R«, where: 

R = H or pharmaceutically acceptable cationic sah moiety, or CO2R forms a 
pharmaceutically acceptable ester moiety; 

K\ = same or different = H, alkyl, or SO2CH3, with the proviso that if one of 
r\ r5 = S02CH3, then the other = H or alkyl; 
R* = H. acyl, or alkyl; 

r', R« = same or different = H, acyl, or alkyl; with the proviso that if one of 
r', R* = acyl, then the other = H or alkyl; 

» 

n = 0 or 2; 

= single or double bond, which may be cumulated to form an allene; 
j^9b ^ R9a ^ R9bj^9a together = O as a carbonyl; 

Y = CH2, O, or H '''0R'\ where R" = H, alkyl, or acyl; 

A = O and B = CH2; or, A-B = CH2CH2 or c«-CH=CH; with the proviso that A ^ O when 

Y = 0; 

one of C, D = H. and the other = CH3 or 0R^ where = H, acyl, or alkyl; or C = D = H; 
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E and F = same or different = H or CH3; or one of E, F = CH3 and the other = OR^ , where 
is defined as above; with the proviso that exactly one of C, D, E, and F = OR^ 

X = O or direct bond; 

r2° = C2.8 alkyl, C2.8 alkenyl, aryl, heteroaryl, aryloxy, or heteroaryloxy, optionally 
substituted with halo, trihalomethyl, OR^ NR^R^\ wherein R^ = H, alkyl, or acyl; and 
R^* = H, alkyl, or acyl; with the proviso that if one of R^ and R^* = acyl, then the other = H 
or alkyl; and wherein the C2-8 alkyl and C2-8 alkenyl may be optionally terminated by C3-8 
cycloalkyl, C4.8 cycloalkenyl, aryl, heteroaryl, aryloxy, or heteroaryloxy, optionally 
substituted as described above; with the proviso that R^^ ^ aryloxy or heteroaryloxy when 
X = 0; 

with the proviso that the following compounds of formula I be excluded: 

those wherein all of the following limitations are satisfied: 

= a single bond between carbons 4 and 5 and a single or double bond between carbons 

5 and 6; 

j^9aj^9b = o as a carbonyl; 

Y = CH2 or H OR , where R^ * as defined above; 
A-B = CH2CH2 or CH=CH; 

one of C, D = H and the other = OR^, where R^ is as defined above; and 
E and F = same or different = H or CH3. 

9. The method of Claim 8, wherein the manmial is a human and the compound is 
administered topically. 



10. The method of Claim 9, wherein for the compound of formula I: 
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R' = (CH2)nC02R or (CH2)„CH20H, where R = H, ophthalmically acceptable calionic salt 
moiety, or lower alkyl; and n = 0; 

= single or double bond, which may be cumulated to form an allene; 

r"" = CI, and R'* = H; or R"*R'' taken together = O as a carbonyU 

. Y= H '■'OR'', where R"=H; 
A-B = c/s-CH=CH; 
C = D = H; 

one of E, F = CH3 and the other = 0R^ where R^ = H; 
X = direct bond; and 

j^20 ^ J ^nyi Of C2.5 alkenyl, where either is optionally terminated by Cs^ cycloalkyl or 
Cs^ cycloalkenyl. 

11. The method of Claim 1 0, wherein the compound is selected from the group 
consisting of: rioprostil, SC 46275, enisoprost, and misoprostol. 

12. The method of claim 9, wherein for the compound of formula I: 

" R' = (CH2)nC02R or (CH2)„CH20H, where R = H, ophthalmically acceptable cationic salt 
moiety, or lower alkyl; and n = 0; 

,5 ^ = single or double bond, which may be cumulated to form an allene; 
R«'' = Cl,andR''' = H; 
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A.B = m-CH=CH; 

one of C = D = H, and the other = OH; 

E = F = CH3; 

X = direct bond; and 

= C2-5 alkyl or C2.5 alkenyl, where either is optionally terminated by Cs^ cycloalkyl or 
C5-6 cycloalkenyl. 

13. The method of claim 12, wherein the compound is nocloprost. 

14. The method of claim 9, wherein for the compound of formula I: 

= (CH2)nC02R or (CH2)nCH20H, where R = H, ophthalmically acceptable cationic salt 
moiety, or lower alkyl; and n = 0; 

= a double bond between carbons 4 and 5 and a single or double bond between carbons 
5 and 6; 

R^^^R^** taken together = O as a carbonyl; 



C; 

Y= H ''OR^^ where R**=H; 



A-B = c/>CH=CH; 



one of C = D = H, and the other = OH; 



E-F = H; 



X = 0; 
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= phenyl, optionally substituted with CI or CF3. 
1 5. The method of claim 14, wherein the compound is enprostil. 
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